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(54) Sensor mounting 

(57) A sensor apparatus (1 ) is provided for transmit- 
ting electrical pulses from a signal line into and out of a 
vessel to measure a process variable, for use in indus- 
trial applications which is capable of withstanding varia- 
ble and/or high pulling forces. It comprises a mounting 
section (7) configured to be coupled to the vessel, a 
cylindrical guide element (9) located inside the mount- 
ing section (7), means for preventing a movement of the 
guide element (9) in a direction toward the vessel, a 
conductive probe element (15) mounted inside the 
mounting section (7) and extending through the cylindri- 
cal guide element (9) into the vessel, a metallic insert 
(11) located inside the mounting section (7), pressed 
into the mounting section (7) in a direction towards the 
vessel by a spring element (13) and exerting a force on 
the guide element (9) in that direction, and an electrical 
connector (17) fastened to the metallic insert (11) and 
configured to couple the signal line directly to the probe 
element (15). 
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Description 

Background and Summary of the Invention 

The present invention relates to a sensor apparatus 5 
for transmitting electrical pulses from a signal line into 
and out of a vessel to measure a process variable. A 
single conductor surface wave transmission line (Gou- 
bau line) is adapted as a sensor for industrial process 
variable measurement, in particular for level measure- w 
ment. Such devices are intended for use for example in 
the process and storage industry. 

A pulse sent down a probe is affected by any 
change of the electrical properties of the surroundings 
of the probe. A material located inside the vessel for is 
example causes a change in electrical impedance at the 
material surface. At least part of therputee will thus be 
reflected at the surface. The level of the material inside 
the vessel can be determined from the time required for 
the pulse to propagate to the surface and back. 20 

Other process variables can be determined. The 
amplitude of a reflected pulse for example is a measure 
of the change in impedance at the reflecting surface and 
can be used to determine the dielectric constant of the 
material. Also it is feasible to measure thickness and/or 25 
dielectric constants of layers of different materials 
stored in a vessel from the amplitude and the time-of- 
flight of the respective number of reflected pulses. 

Recent developments by the National Laboratory 
System now make it possible to generate fast, low 30 
power pulses, and time their return with very inexpen- 
sive circuits. See, for example, U.S. Patent No. 
5,345,471 and U.S. Patent No. 5,361 ,070 assigned to 
The Regent of the University of California. The pulses 
generated by this new technology are broadband, and 35 
also are not square wave pulses. In addition, the gener- 
ated pulses have a very low power level. Such pulses 
are at a frequency of 100 MHz or higher'and have an 
average power level of about 1 nano Watt or lower. 
These factors present new problems that must be over- 40 
come to transmit the pulse down and back and to proc- 
ess and interpret the returned pulses. 

It is of essential importance to provide a design for 
the sensor apparatus which ensures a high mechanical 
stability suitable for industrial applications while at the 45 
same time maintaining the electrical operation of a Gou- 
bau line. This includes ensuring a smooth impedance 
transition of the pulse from the signal line and transmis- 
sion through the mounting to the probe and vice versa. 
Changes in electrical impedance throughout the appa- so 
ratus, i.e. the signal line, the mounting area and the 
probe inside and outside the mounting section are to be 
avoided. Every electrical impedance discontinuity 
causes a partial reflection of energy of the pulse and 
thus reduces" the signal to noise ratio. ss 

In copending U.S. Patent Application Serial No. 
08/574,818 entitled SENSOR APPARATUS FOR 
PROCESS MEASUREMENT filed on December 


19,1996 and a related Continuation in Part Application 
U.S. Patent Application Serial No. 08/735,736 with the 
same title filed on October 23, 1996 sensor apparati for 
transmitting electrical pulses from a signal line into and 
out of a vessel to measure a process variable are 
described. 

A sensor apparatus is described comprising: 

a mounting section configured to be coupled to the 
vessel. 

a cylindrical guide element located inside the 
mounting section, 

means for preventing a movement of the guide ele- 
ment in a direction toward the vessel, 
a conductive probe element mounted inside the 
mounting section and extending through the cylin- 
drical guide element into the vessel 
a metallic insert located inside the mounting sec- 
tion, and 

an electrical connector 

- coupled to the probe element, 

configured to couple the signal line to the 
probe element 

The insert comprises a thread and is screwed into 
the mounting section in a direction towards the vessel. It 
prevents a movement of the guide element in a direction 
away from the vessel. It is also described, that the insert 
alternately may be snapped in and held with a spring 
element and a retaining ring. The insert includes an air 
filled conical cavity. A conical steel nut, serving as an 
impedance transitioning element and as an intermedi- 
ate connecting element, is located within the cavity and 
a high frequency electrical connector is coupled to an 
end of the nut facing away from the vessel via a pin with 
decreased diameter. This pin is slidable within an aper- 
ture of the cone to permit some movement of the probe 
element. Such a movement may occur for example 
when pulling forces act on the probe. This design is suit- 
able for industrial applications, e.g. for measuring the 
level of a liquid in a vessel, where pulling forces are 
fairly constant or vary slowly with time. In applications 
where the probe is subjected to abrupt changes of the 
pulling forces, e.g. for measuring the level of. solids, this 
design shows some disadvantages. If the position of the 
conical steel nut with respect to the insert is altered, the 
impedance matching essential for a smooth impedance 
transition from the signal line to the probe is impaired. 
Also a movement of the pin within the connector may 
change the electric properties of the connector and thus 
affect the quality of the signal transition. 

It is an object of the invention to provide a sensor 
apparatus which can be used in industrial applications, 
which has a high mechanical stability, tight pressure 
seals and which can withstand high pulling forces while 
at the same time maintaining effective level, distribution, 
transition and control of high frequency impedances 
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throughout the sensor apparatus. 

To this end the invention comprises a sensor appa- 
ratus for transmitting electrical pulses from a signal line 
into and out of a vessel to measure a process variable, 
the sensor apparatus comprising: 5 

a mounting section configured to be coupled to the 
vessel, 

a cylindrical guide element located inside the 
mounting section, w 
means for preventing a movement of the guide ele- 
ment in a direction toward the vessel, 
a conductive probe element mounted inside the 
mounting section and extending through the cylin- 
drical guide element into the vessel is 
a metallic insert located inside, the mounting sec- 
tion, if 

-- pressed into the mounting section in a direc- 
tion towards the vessel by a spring element and 20 
exerting a force on the guide element in that 
direction, and 

an electrical connector 

25 

-- fastened to the metallic insert and 

» configured to couple the signal line directly to 

the probe element. 

According to a refinement of the invention, the axial 30 
length of the guide element is large compared to an 
outer diameter of the probe element. 

According to a refinement of the invention the 
means for preventing a movement of the guide element 
in a direction toward the vessel is an outwardly tapered 35 
outer surface of the guide element abutting on an out- 
wardly tapered inner surface of the mounting section. 

According to a refinement of the invention the probe 
element includes a head portion comprising an out- 
wardly tapered surface facing towards the vessel and 40 
engaging an outwardly tapered inner surface of the 
guide element located adjacent to a surface of the guide 
element facing away from the vessel. 

According to a refinement of the invention a dielec- 
tric insert is located inside the mounting section 45 
between the guide element and the metallic insert. 

According to a refinement of the invention the probe 
element includes a head portion comprising an inwardly 
tapered surface facing away from the vessel and engag- 
ing an inwardly tapered surface of the dielectric insert. so 

According to a refinement of the invention a recess 
is located within the head portion of the probe element 
forming a backing support for a male pin of the electrical 
connector. 

According to a refinement of the invention the probe ss 
element comprises a hollow cylinder extending in a 
direction away from the vessel toward the connector 
and the male pin of the connector extends through the 


hollow cylinder. 

According to a refinement of the invention the probe 
element has an elongated section extending into the 
vessel. 

According to a refinement of the invention the elon- 
gated section comprises a hollow section facing toward 
the vessel and wherein one end of a probe extension, in 
particular a rod or a wire, is mounted inside the hollow 
section. 

According to a refinement of the invention the 
metallic insert is electrically connected to ground poten- 
tial. 

According to a refinement of the invention the guide 
element is made of a dielectric material. 

According to a refinement of the invention a first 
seal, in particular an o-ring, is provided between the 
mounting section and the dielectric insert and a second 
seal, in particular an o-ring, is provided between the 
probe element and the dielectric insert. 

The invention and its advantages are explained in 
more detail using the figures of the drawing, in which an 
exemplary embodiment is shown. The same reference 
numerals refer to the same elements throughout the fig- 
ures. 

Brief Description of the Drawings 

Fig. 1 shows a longitudinal section of a sensor 
apparatus; 

Fig. 2 shows a probe element of Fig. 1 ; 

Fig. 3 shows an insert of Fig. 1 ; and 

Fig. 4 shows a connector of Fig. 1 . 

Detailed Description of the Drawings 

Fig. 1 shows a longitudinal section of a sensor 
apparatus 1 for transmitting electrical pulses from a sig- 
nal line into and out of a vessel to measure a process 
variable. The vessel is not shown. It could be a tank or a 
storage basin, a storage bin or any other type of con- 
tainer. 

The sensor apparatus 1 comprises an essentially 
cylindrical mounting section 7 which is configured to be 
coupled to the vessel. In the embodiment shown in Fig. 
1 the mounting section 7 comprises a thread located at 
the end of the mounting section 7 facing towards the 
vessel. It is designed to be fastened to a flange, as 
shown in Fig. 1 on the right hand side of the mounting 
section 7, or to be screwed into a threaded opening 
located on the vessel, as indicated on the left hand side 
of Fig. 1 . Other methods of mounting a sensor appara- 
tus 1 to a vessel, e.g. by welding the mounting section 7 
to the vessel, are also possible. 

The mounting section 7 has a central aperture 
extending through the same. A cylindrical guide ele- 
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ment 9 is located inside the mounting section 7. It con- 
sists of a dielectric material, preferably of 
Polytetraflourethylen (PTFE) which ensures a high 
chemical resistivity. Other materials, i.e. Polyphenylen- 
sulfid (PPS), Plyetherimid (PEI), Polyetheretherketon 5 
(PEEK) or Polyethylenterephthalat (PET) are also feasi- 
ble. 

Means are provided for preventing a movement of 
the guide element 9 in a direction toward the vessel. In 
the embodiment shown in Fig. 1 these means comprise w 
an outwardly tapered inner surface 7.3 of the mounting 
section 7 located near the end of the mounting section 
7 facing towards the vessel. The guide element 9 has an 
identically shaped outwardly tapered outer surface 9.1 
which abutts on the outwardly tapered inner surface 7.3 75 
of the mounting section 7. 

For the scope of this application the'term outwardly 
tapered surface shall mean a surface defining a cone 
which has one end with a small diameter and another 
end with a larger diameter and the end with the larger 20 
diameter is facing away from the vessel. Accordingly the 
term inwardly tapered surface shall mean a surface 
defining a cone which has one end with a small diame- 
ter and another end with a larger diameter and the end 
with the larger diameter is facing toward the vessel. 25 

A conductive probe element 15, as shown in Fig. 2, 
is mounted inside the mounting section 7. It consists of 
a metal, preferably of stainless steel, which provides for 
high mechanical strength. It includes a head portion 
15.1 and an elongated conductive portion extending 30 
away from the head portion 15. 1 . The elongated portion 
extends through the cylindrical guide element 9 into the 
vessel. The elongated portion may extend further into 
the vessel forming a single rigid rod element or it may 
comprise a solid or a flexible probe extension 21 , in par- 35 
ticular a rod, a rope or a wire. In the embodiment shown 
in Fig. 1, the elongated portion the probe element 15 
has a hollow section 15.7 facing toward the vessel and 
a flexible probe extension 21 , is mounted inside the hol- 
low section 15.7. It is fastened inside the hollow section 40 
15.7 for example by swaging or by one or more set 
screws. To keep the flexible extension 21 taught and 
straight, it is either to be fixed to the bottom of the ves- 
sel, or a weight is to be connected to the free end of the 
flexible extension 21 . 45 

The head portion 15.1 of the probe element 15 
comprises a cylindrical portion, an outwardly tapered 
surface 15.2 and an inwardly tapered surface 15.3. The 
cylindrical portion is located between the two tapered 
surfaces 15.2, 15.3. The outwardly tapered surface 15.2 so 
is located on a side of the cylindrical portion facing 
towards the vessel and the inwardly tapered surface 
15.3 is located on a side of the cylindrical portion facing 
away from the vessel 

The guide element 9 has an outwardly tapered ss 
inner surface 9.3 located adjacent a surface of the guide 
element 9 facing away from the vessel. The outwardly 
tapered surface 15.2 of the probe element 15 engages 


the outwardly tapered inner surface 9.3 of the guide ele- 
ment 9 thus preventing a movement of the probe ele- 
ment 15 in a direction toward the vessel. In a preferred 
embodiment, the axial length of the guide element 9 is 
large compared to an outer diameter of the probe ele- 
ment 15. Such a design provides high mechanical sta- 
bility. The probe 15 is not only capable of withstanding 
high pulling forces, it is also protected against lateral 
movement. This ensures that the more fragile electrical 
connections that will be described lateron remain unim- 
paired. 

A dielectric insert is located inside the mounting 
section 7 on top of the guide element 9. The insert may 
be a single element or it may consist of two or more ele- 
ments. In the embodiment shown in Fig. 1 the insert 
consists of two elements 19,23. A first element 23 has 
the shape of a hollow cylinder and closely surrounds the 
cylindrical portion of the head portion 15.1 of the probe 
element 15. It is located inside the mounting element 7 
between the guide element 9 and a second essentially 
cone shaped element 19 of the dielectric insert. The 
second element 19 comprises a central aperture with 
an inwardly tapered surface 19.1 which engages the 
inwardly tapered surface 15.3 of the head portion 15.1 
of the probe element 1 5 facing away from the vessel. 

A first seal 25, in particular an o-ring, is provided 
between the mounting section 7 and the first element 23 
of the dielectric insert. It is positioned within a ring- 
shaped groove located on the outer cylindrical surface 
of the first element 23 of the dielectric insert. 

A second seal 27, in particular an o-ring, is pro- 
vided between the probe element 15 and the first ele- 
ment 23 of the dielectric insert. It is positioned within a 
ring-shaped groove 15.1 1 located on the outer cylindri- 
cal surface of the cylindrical portion of the head 15.1 of 
the probe element 1 5. 

A metallic insert 1 1 is located inside the mounting 
section 7 abutting on the second element 19 of the die- 
lectric insert. Preferably the metallic insert 1 1 is stain- 
less steel. It is electrically connected to ground 
potential. In the embodiment shown in the figures, a 
wire 33, connected to ground potential is positioned 
inside an opening 1 1 .5 in the metal insert 1 1 . 

The metallic insert 1 1 is pressed into the mounting 
section 7 in a direction towards the vessel by a spring 
element 13. In the embodiment shown in Fig. 1 the 
spring element 13 consists of a cylindrical pile of disc 
springs abutting on a surface of the metallic insert 1 1 
facing away from the vessel. A retainer ring 29 is placed 
inside a groove within the mounting section 7. The 
spring element 13 is compressed between the surface 
of the metallic insert 11 and the retainer ring 29. It 
exerts a force in a direction toward the vessel on the 
metallic insert 1 1 which in turn is pressed against the 
dielectric insert, so that the dielectric insert exerts a 
force on the guide element 9 in a direction towards the 
vessel. 

Smooth impedance transitions are provided for 
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throughout the sensor apparatus. Preferably the electri- 
cal impedance inside the mounting section 7 is nearly 
constant and identical or similar to the electrical imped- 
ance of the signal line. This is achieved by the choice of 
material used for the metallic insert 11, the dielectric 5 
insert, the guide element 9 and the probe element 15 
and the shape and the geometrical dimensions of these 
parts. Tapered surfaces for example ensure smooth 
impedance transitions. Abrupt diameter changes of the 
components are to be avoided wherever possible. Such 10 
optimization is especially important with lower power 
high frequency pulse signals to ensure maximum 
energy to be transferred to the probe element 15 by 
minimizing undesired reflections of pulse energy. 

The metallic insert 1 1 is shown in Fig. 3. A central is 
aperture extends through the insert 11. It comprises 
essentially three sections. A first section facing toward 
the vessel has an inner inwardly tapered surface 11.1 
which closely engages the outer inwardly tapered sur- ' 
face, 19.1 of the second element 19 of the dielectric 20 
insert 

A second section includes a conical opening 1 1 .2 
surrounding at least part of the head 15.1 of the conduc- 
tive probe element 15. It is understood that the conical 
opening 11.2 may be filled with a dielectric material, if 25 
this is necessary or desired to improve electrical trans- 
mission of the high frequency pulses. The shape, 
dimension of the opening 1 1 .2 and if desired, the dielec- 
tric element filling it, are selected to provide the desired 
impedances. 30 

A third section facing away from the vessel is 
essentially cylindrical and has a central bore 11.3 
extending through it. A high frequency electrical con- 
nector 1 7 is fastened to the metallic insert 1 1 inside the 
bore 1 1 .3. The connector 1 7 is configured to couple the 35 
signal line to the probe element 1 5. 

The connector 17 is shown in Fig. 4. It comprises 
an inner conductor 17.1 surrounded by an insulating 
material 17.2. The inner conductor 17.1 and the insulat- 
ing material 17.2 are positioned inside a metallic sleeve 40 
1 7.3. One side of the connector 1 7 facing away from the 
vessel is designed to be coupled to the signal line. 
Since high frequency pulses are to be transmitted the 
signal line is preferably a coaxial cable 31. The inner 
conductor 17.1 of the connector 1 7 is connected to the 45 
inner conductor of the coaxial cable 31 and the outer 
conductor of the connector 17 is connected to the 
metallic sleeve 17.3. 

The metallic sleeve 17.3 can either be irreleasably 
fixed to the metallic insert 1 1 , e.g. welded to it, or it can so 
be fastened to it by a snap fit connection. Fig. 3 and 4 
show one embodiment of a snap fit connection. The 
central bore 11.3 of the metallic insert 11 comprises a 
section 11.3.1 with slightly enlarged inner diameter and 
the outer diameter of one end of the metallic sleeve 1 7.3 ss 
facing toward the vessel can be reduced slightly. The 
later is accomplished e.g. by cuts extending in axial 
direction inserted at that end of the metallic sleeve 1 7.3. 


In order to facilitate the mounting of the connector 
17, the metallic insert 11 comprises an outwardly 
tapered inner surface 1 1 .3.3 located near the end of the 
metallic insert 1 1 facing away from the vessel. Thus the 
connector 1 7 is centered and slightly compressed when 
pushed into the metallic insert 1 1 . An end-section of the 
connector 17 located inside the section 11.3.1 with 
enlarged inner diameter will slightly expand in diameter 
and thus hold the connector 17 inside the metallic insert 
1 1. An incremental movement of the metallic insert 1 1 in 
axial direction will cause an identical incremental move- 
ment of the connector 17. 

One end of the inner conductor 17.1 of the connec- 
tor 17 forms a male pin 17.4. The probe 1 5 comprises a 
hollow cylinder 15.9 located adjacent to the inwardly 
tapered surface 15.3 and extending in a direction away 
from the vessel toward the connector 1 7. A cylindrical 
recess 15.5 is located within the head portion 15.1 of 
the probe element 15. The male pin 17.4 of the connec- 
tor 17 extends through the hollow cylinder 15.9 and the 
recess 15.5 forms a backing support for it. 

One advantage of this design is, that the signal line 
is coupled directly to the probe element 15. No further 
impedance transition elements or intermediate connect- 
ing elements, e.g. conical nuts, are needed. Energy 
losses occurring at impedance transitions are reduced, 
since less impedance transitions are necessary. Also 
less parts are necessary and assembly of the sensor 
apparatus is simplified. The electrical connection is 
accomplished by mounting the metallic insert 1 1 and by 
plugging the connector 17 into the metallic insert 1 1 . 

In case high pulling forces are exerted on the probe 
element 15 the spring element 13 ensures that all 
inserts inside the mounting section 7, i.e. the guide ele- 
ment 9, the elements 19, 23 of the dielectric insert, the 
metallic insert 1 1 and the probe element 15 exhibit no or 
only an incremental movement in axial direction. If an 
incremental movement occurs all inserts are displaced ? 
exactly the same distance in axial direction. The con- 
nector 17 is fastened to the metallic insert 11. Thus it 
will perform exactly the same movement as the metallic 
insert 1 1 does. Because of this, no movement of the 
connector 17 with respect to the probe element 15 
occurs. Accordingly an incremental displacement of the 
probe element 15 does not impair the electrical connec- 
tion between the probe element 15 and the electrical 
connector 17. The connection remains unimpaired even 
in applications where pulling forces may change very 
rapidly and/or frequently. Also the impedance matching 
which depends strongly on the shapes, the dimensions 
and the position of the relevant elements with respect to 
each other remains unchanged. Relevant in this context 
are the metallic insert 1 1 , the elements 19, 23 of the die- 
lectric insert, the guide element 9 and the probe ele- 
ment 15. 

As described earlier in the text, the extensions of 
the cylindrical guide element 9 prevent a lateral move- 
ment of the probe element 15. Should a lateral move- 
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ment occur it will only be incremental Since the male 
pin 1 7.4 of the connector 1 7 extends through the hollow 
cylinder 15.9 into the recess 15.5 inside the probe ele- 
ment 15 and it is backed by the probe element 15 itself, 
the quality of the electrical connection is unaffected by 
such an incremental movement. 

Claims 

1. A sensor apparatus (1) for transmitting electrical 
pulses from a signal line into and out of a vessel to 
measure a process variable, the sensor apparatus 
(1) comprising: 

a mounting section (7) configured to be cou- 
pled to the vessel, 

a cylindrical guide el ement'(9)r located inside 
the mounting section (7), 
means for preventing a movement of the guide 
element (9) in a direction toward the vessel, 
a conductive probe element (15) mounted 
inside the mounting section (7) and extending 
through the cylindrical guide element (9) into 
the vessel 

a metallic insert (1 1) located inside the mount- 
ing section (7), 

~ pressed into the mounting section (7) in 
a direction towards the vessel by a spring 
element (13) and exerting a force on the 
guide element (9) in that direction, and 

an electrical connector (1 7) 

-- fastened to the metallic insert (11) and 
- configured to couple the signal line 
directly to the probe element (15). 

2. A sensor apparatus according to claim 1, wherein 
an axial length of the guide element (9) is large 
compared to an outer diameter of the probe ele- 
ment (15). 

3. A sensor apparatus according to claim 1, wherein 
the means for preventing a movement of the guide 
element (9) in a direction toward the vessel is an 
outwardly tapered outer surface (9.1) of the guide 
element (9) abutting on an outwardly tapered inner 
surface (7.3) of the mounting section (7). 

4. A sensor apparatus according to claim 1, wherein 
the probe element (15) includes a head portion 

(15.1) comprising an outwardly tapered surface 

(15.2) facing towards the vessel and engaging an 
outwardly tapered inner surface (9.3) of the guide 
element (9) located adjacent a surface of the guide 
element (9) facing away from the vessel. 


5. A sensor apparatus accorcfing to claim 1 , wherein a 
dielectric insert (1 9, 23) is located inside the mount- 
ing section (7) between the guide element (9) and 
the metallic insert (1 1). 

5 

6. A sensor apparatus according to claim 5, wherein 
the probe element (15) includes a head portion 
(15.1) comprising an inwardly tapered surface 
(1 5.3) facing away from the vessel and engaging an 

w inwardly tapered surface (19.1) of the dielectric 
insert (19). 

7. A sensor apparatus according to claim 1 , wherein a 
recess (15.5) is located within the head portion 

is (15.1) of the probe element (15) forming a backing 
support for a male pin (17.1) of the electrical con- 
nector (17). 

8. A sensor apparatus according to claim 1, wherein 
20 the probe element (1 5) comprises a hollow cylinder 

(1 5.9) extending in a direction away from the vessel 
toward the connector (17) and the male pin (17.4) 
of the connector (17) extends through the hollow 
cylinder (15.9). 

25 

9. A sensor apparatus according to claim 1, wherein 
the probe element (15) has an elongated section 
extending into the vessel. 

30 10. A sensor apparatus according to claim 9, wherein 
the elongated section comprises a hollow section 
(15.7) facing toward the vessel and wherein one 
end of a probe extension (21) is mounted inside the 
hollow section (15.7). 

35 

11. A sensor apparatus according to claim 1, wherein 
the metallic insert (11) is electrically connected to 
ground potential. 

40 12. A sensor apparatus according to claim 1, wherein 
the guide element (9) is made of a dielectric mate- 
rial. 

13. A sensor apparatus according to claim 5, 
45 wherein 

- a first seal (25), in particular an o-ring, is provided 
between the mounting section (7) and the dielectric 
insert (23) and 

so - a second seal (27), is provided between the probe 
element (15) and the dielectric insert (23). 


55 
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